Introduction {#s0001}
============

Cardio-cerebral vascular diseases are more common in the elderly population who have higher disability and mortality rates than affected populations of younger ages. In China, aspirin and clopidogrel are widely used in the prevention and treatment of ischemic cardiovascular and cerebrovascular diseases. In recent years, a number of studies have shown that aspirin's bleeding risk offsets its benefit to some extent.[@cit0001]--[@cit0003] Gastrointestinal injury not only limits the scope of application of aspirin, however, but also leads to serious clinical events.[@cit0004]

Clopidogrel works by blocking the P2Y12 receptors on platelets. Due to its better tolerability profile, it can be applied to aspirin-intolerant people, and it remands the first-line treatment option for secondary prevention in stroke patients.[@cit0005] P-glycoprotein and hepatic cytochrome P450 2C19 affect the intestinal absorption and the efficiency of the active conversion of clopidogrel, which encoded by *ABCB1* and *CYP2C19*, respectively. Therefore, mutations in these two protein-coding genetic loci may alter the bioavailability of clopidogrel.[@cit0006]

Whether clopidogrel causes gastric mucosal injury is currently controversial. Some studies have reported that patients treated with clopidogrel but not aspirin had similar or increased risks of gastrointestinal bleeding, while others reported decreased risks of gastrointestinal disease.[@cit0007]--[@cit0010] Gastric mucosal injury is a continuous process. The initial stage of gastric mucosal injury involves scattered spots of bleeding and erosion and then progresses to gastric ulcers, stomach bleeding and even gastric perforation. Considering the increasing application of clopidogrel in real-world settings, as well as the elderly population, who are characterized by a gradual weakening of the body and a poor prognosis of the disease, early identification of clopidogrel-induced gastric mucosal injury is particularly important. The purpose of this study was to explore whether *CYP2C19* and *ABCB1* gene polymorphisms were associated with gastric mucosal erosion in elderly Chinese males who used clopidogrel alone.

Methods {#s0002}
=======

Study Population {#s0002-s2001}
----------------

This retrospective case--control study analyzed 298 male patients (aged between 68.2 and 89.5 years, average age 78) who took 75 mg of clopidogrel daily between 2013 and 2018 for cardio-cerebral vascular disease due to aspirin intolerance or other reasons and underwent annual gastric mucosal endoscopy at the Second Medical Center of People's Liberation Army of China (PLA) General Hospital. A total of 201 patients constituted the control group (modified Lanza score 0--1), and 97 constituted the case group (modified Lanza score 2--3) according to the gastroscopy results. The inclusion criteria were as follows: no abnormal gastric mucosa detected by gastroscopy before 2013; and consistent gastroscopy results; and no gastric ulcer or stomach bleeding between 2013 and 2018. The exclusion criteria were as follows: a history of cancer; severe liver and kidney dysfunction; the use of other antiplatelet or anticoagulant drugs; and long-term use of nonsteroidal anti-inflammatory drugs or hormone drugs. Informed consent was obtained from all individual participants included in the study. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional research committee and with the Helsinki declaration and its later amendments. This study was approved by the Medical Ethics Committee of PLA General Hospital (S2016-070-02).

Clinical Data and Laboratory Data Collection {#s0002-s2002}
--------------------------------------------

The 2018 physical examination data of the population were collected through the electronic case system of the hospital and included age, body mass index, systolic blood pressure, diastolic blood pressure, smoking and drinking status, history of gastric ulcer, diabetes mellitus, hypertension, hyperlipidemia, ischemic heart disease, cerebrovascular disease, and proton pump inhibitor (PPI) and statin use. Diabetes mellitus, hypertension and hyperlipidemia were all defined based on hospital records or drug prescriptions. Ischemic heart disease was defined base on a medical history of percutaneous coronary intervention and/or coronary artery bypass grafting. Cerebrovascular disease was defined as a previous ischemic stroke based on hospital records. Blood samples were collected intravenously 12 hours after fasting.

The platelet count was measured by an automatic hematology analyzer (Nihon Kohden MEK-7222K, Japan). Thromboelastograms were used to determine the platelet inhibition rate induced by ADP (Haemonetics Corporation). The serum creatinine (SCr) level was determined by enzyme catalysis with an automatic biochemical analyzer (Hitachi 7400, Japan). *H. pylori* status was detected using the C^13^ urea breath test. The estimated glomerular filtration rate (eGFR) was used to evaluate renal function and was calculated as follows: eGFR (mL/min/1.73m^2^)= standard SCr (mg/dl)×175--age×1.234--0.179. \[standard SCr (mg/dl)= SCr (mg/dl) (detected by enzyme catalysis)×0.795+0.29\].[@cit0011],[@cit0012] All tests were performed by trained personnel in the same laboratory according to the standards of the World Health Organization reference laboratory. The clinical data were collected and collated by trained internal medicine clinicians.

Endoscopic Evaluation of Gastric Mucosal Injury {#s0002-s2003}
-----------------------------------------------

The modified Lanza score was used to evaluate the grade of gastric mucosal injury.[@cit0013] There are five grades in the scoring system: grade 0 is normal gastric mucosa, grade 1 is only erythema or petechiae, grade 2 is 1--2 erosive lesions, grade 3 is 3--10 erosive lesions, and grade 4 is more than 10 erosive lesions or ulcers.

DNA Isolation and Genotyping {#s0002-s2004}
----------------------------

Two hundred microliters of venous blood was drawn from each patient and collected into an EDTA anticoagulant tube (Biotend, Shanghai, China). The sample DNA was extracted using the blood genomic DNA isolation kit (DP318, TIANGEN Biotech, Beijing, China), and a Q3000 ultraviolet spectrophotometer (Quawell, San Jose, CA, USA) was used to measure the concentration of the DNA samples. According to standard protocols, the TaqMan method and sequence analysis were used to determine genotype (Applied Biosystems, Foster City, Calif). Genotyping for *CYP2C19\*2 G681A* (rs4244285) (forward primer 5′- CAATGTGATCTGCTCCATTATTTTC-3′, reverse primer 5′- GTCCCGAGGGTTGTTGATGT-3′); *CYP2C19\*3 G636A* (rs4986893) (forward primer 5′-CTGCAATGTGATCTGCTCCA-3′, reverse primer 5′-TTAAGTAATTTGTTATGGGTTCCCG-3′); *CYP2C19\*17 C806T* (rs12248560) (forward primer 5′-TTATGAACAGGATGAATGTGGTAT-3′, reverse primer 5′- GGGATTTGAGCTGAGGTCTT-3′) and *ABCB1 C3435T* (rs1045642) (forward primer 5′-CGACTGAATGTTCAGTGGCTC-3′, reverse primer 5′- TCCCAGGCTGTTTATTTGAAG −3′) were performed for each sample.

Statistical Analysis {#s0002-s2005}
--------------------

The one-sample Kolmogorov--Smirnov test was used to test the normality of the distribution of continuous variables. Categorical variables are expressed as numbers and percentages and were compared by the chi-square test; continuous variables are expressed as the means ± standard deviations (SDs) and were compared by the two-sample *t*-test. The odds ratio (OR) and 95% confidence interval (CI) were obtained with Mantel--Haenszel statistics. After testing for multicollinearity, variables with statistical significance after single factor analysis were included in multivariable logistic regression analysis model to screen for risk and protection factors. Differences in the genotype frequencies between the two groups and the Hardy--Weinberg equilibrium of the allele frequencies at individual loci were evaluated by the chi-squared test or Fisher's exact probability test by comparing the expected and observed genotype frequencies. Two-tailed p \<0.05 was considered to be statistically significant. Analyses were performed using SPSS software version 20.0 (SPSS IBM Corporation, Armonk, NY, USA).

Results {#s0003}
=======

Subject Characteristics {#s0003-s2001}
-----------------------

We enrolled 298 male patients (68.2--89.5 years old; average age: 78.0 years). According to the modified Lanza score classification criteria, 201 were placed into the control group, and 97 were placed into the case group. The baseline clinical characteristics according to the endoscopy results are presented in [Table 1](#t0001){ref-type="table"}. The platelet inhibition rate (54.0 ± 23.7 vs 42.8 ± 21.4%, p = 0.02), a history of gastric ulcers (n = 33, 34.0% vs n = 38, 18.9%, p = 0.004), diabetes mellitus (n = 37, 38.1% vs n = 52, 25.9%, p = 0.03) and ischemic heart disease (n = 41, 42.3% vs n = 59, 29.4%, p = 0.027) were found to be significantly higher in the case group than in the control group. However, hyperlipidemia (n = 8, 8.2% vs n = 39, 19.4%, p = 0.013) and statin use (n = 43, 44.3% vs n = 126, 62.7%, P = 0.003) were lower in the case group than in the control group. These baseline clinical factors contributed to clopidogrel-induced gastric mucosal erosion to a significantly great extent in the univariable analysis.Table 1Demographic and Clinical Characteristics of the Study PatientsVariableControl\
n = 201Case\
n = 97PAge, yrs76.9 (8.7)80.3 (9.2)0.77Body mass index (kg/m^2^)25.2 (2.1)24.3 (2.5)0.83SBP (mmHg)138.8 (12.4)141.9 (13.2)0.57DBP (mmHg)70.1 (10.5)63.7 (8.8)0.33Platelet count (10^9^ cells/l)213.4(50.2)199.4(54.1)0.47Platelet inhibition rate (%)42.8(21.4)54.0(23.7)0.02Serum creatinine (umol/l)82.3 (39.8)88 (32.3)0.18eGFR (mL/min/1.73m^2^)73.2 (17.7)61.8 (18.2)0.11Alcohol drinking n, (%)23 (11.4)5 (5.2)0.08Smoking n, (%)47 (23.4)19 (19.6)0.46*H. pylori-positive*, n (%)29 (14.4)21 (16.2)0.11History of gastric ulcer, n (%)38 (18.9)33 (34.0)0.004Diabetes mellitus, n (%)52 (25.9)37 (38.1)0.03Hypertension, n (%)86 (40.8)42 (43.3)0.67Hyperlipidemia, n (%)39 (19.4)8 (8.2)0.013Ischemic heart disease, n (%)59 (29.4)41 (42.3)0.027Cerebrovascular disease, n (%)23 (11.4)15 (15.5)0.33PPI, n %)41(20.4)29(29.9)0.07Statins, n (%)126(62.7)43(44.3)0.003[^1]

*CYP2C19* and *ABCB1* Genotype Distribution {#s0003-s2002}
-------------------------------------------

All patients were successfully genetically tested. Hardy--Weinberg disequilibrium was not found to be significant for any of the tested genotypes (P \> 0.05). There were no significant differences in the frequency of the *CYP2C19\*2, CYP2C19\*3* and *CYP2C19\*17* alleles between the two groups. The proportion of people carrying the *ABCB1 3435T* allele was significantly increased in the case group (n = 63, 64.9% vs n = 97, 48.3%, p = 0.007) ([Table 2](#t0002){ref-type="table"}).Table 2Allele and Genotype Frequencies of *CYP2C19* and *ABCB1* in Patients Taking ClopidogrelVariableAllele Frequencies p† Value for HWEGenotypeControl\
n=201 (%)Case\
n=97 (%)P*CYP2C19\*2*\
*681 G \>A*\
*rs* 4244285G=0.79\
A=0.21\
P†=0.07*GG*\
*GA*\
*AA*128(63.7)\
59(29.4)\
14(7.0)64(66.0)\
29(29.9)\
4 (4.1)0.627A allele carrier73 (36.3)33(34.0)0.698*CYP2C19\*3*\
*636 G \>A*\
*rs* 4986893G=0.96\
A=0.04\
P†=0.43*GG*\
*GA*\
*AA*184(91.5)\
17(8.5)\
088(90.7)\
9(9.3)\
00.814A allele carrier17(8.5)9(9.3)0.814*CYP2C19\*17*\
*806 C \>T*\
*rs* 12248560C=0.99\
T=0.01\
P†=0.84*CC*\
*CT*\
*TT*198(98.5)\
3(1.5)\
093(95.9)\
4(4.1)\
00.22T allele carrier3(1.5)4 (4.1)0.22*ABCB1*\
*3435C \>T*\
*rs* 1045642C=0.66\
T=0.34\
P†=0.07*CC*\
*CT*\
*TT*104(51.7)\
72(35.8)\
25(12.4)34(35.1)\
47(48.5)\
16(16.5)0.026T allele carrier97(48.3)63(64.9)0.007[^2]

Factors Associated with Gastric Mucosal Erosion {#s0003-s2003}
-----------------------------------------------

After adjusting for significant factors in the univariable analysis, a history of gastric ulcers (OR 3.11, 95% CI 1.84--5.05, p \<0.01), diabetes mellitus (OR 2.37, 95% CI 1.49--4.60, p \<0.05) and *ABCB1 3435T* allele carrier (OR 2.14, 95% CI 1.43--3.84, p \<0.01) were significantly positively correlated with gastric mucosal erosion in multiple logistic regression analysis. However, statin use (OR 0.58, 95% CI 0.36--0.93, p \<0.05) was significantly negatively correlated with gastric mucosal erosion ([Table 3](#t0003){ref-type="table"}).Table 3Association Between Various Related Factors and Gastric Mucosal Erosion in Patients Taking ClopidogrelMantel-Haenszel\
OR (95% CI)Adjusted\
OR (95% CI)Platelet inhibition rate------1.30 (0.62--1.94)History of gastric ulcer2.21 (1.28--3.83)\*\*3.11 (1.84--5.05)\*\*Diabetes mellitus1.77 (1.05--2.96)\*2.37 (1.49--4.60)\*Hyperlipidemia0.37 (0.17--0.83)\*0.69 (0.33--1.19)Ischemic heart disease1.76 (1.06--2.92)\*1.44 (0.81--2.25)Statins0.47 (0.29--0.78)\*\*0.58 (0.36--0.93)\**ABCB1 3435 T* allele carrier1.99 (1.20--3.28)\*\*2.14 (1.43--3.84)\*\*[^3]

Discussion {#s0004}
==========

Aspirin and clopidogrel are commonly used antiplatelet drugs in the prevention and treatment of ischemic cardiovascular and cerebrovascular diseases. The gastric mucosal injury complications of aspirin are caused by a combination of topical mucosal injury and systemic effects via the inhibition of protective gastric prostaglandin synthesis. It is currently recommended that aspirin be used in combination with PPI to prevent gastric mucosal injury. Clopidogrel can be used alone by patients who require secondary stroke prevention or have and intolerance of aspirin and by children.[@cit0005],[@cit0014],[@cit0015] It mainly works by blocking the platelet P2Y12 receptor to exert antiplatelet effects. Anderson et al found that the antiplatelet effect of clopidogrel activated before standard accepted biotransformation pathways.[@cit0016] Another study speculated that clopidogrel also interfered with arachidonic acid-mediated platelet stimulation.[@cit0017]

Whether clopidogrel causes gastric mucosal injury is still controversial. Grove et al considered clopidogrel use to be associated with an increased risk of adverse gastric mucosal injury events such as gastritis, ulcers and bleeding, yet the risk was only modest.[@cit0018] However, Whittemore et al showed that clopidogrel alone did not cause gastrointestinal bleeding or ulceration.[@cit0019] Some articles could not explain the relationship between clopidogrel alone and gastrointestinal injury due to the combination of other antiplatelet drugs in the study designs.[@cit0020],[@cit0021]

To our knowledge, this study is the first to assess the association of *ABCB1 C3435T* locus gene polymorphisms in elderly Chinese men with gastric mucosal erosion induced by clopidogrel alone. The results showed that *ABCB1 3435T* allele carrier status, a history of gastric ulcers and diabetes mellitus were risk factors for gastric mucosal erosion caused by clopidogrel and that the use of statins was a protective factor. In addition, PPI had no preventive effect on gastric mucosal erosion. Considering the serious threat of gastric ulcers and even stomach bleeding to elderly individuals, this study was of great significance for the early identification of gastric mucosal injury in elderly men taking clopidogrel alone.

Multiple experiments showed that diabetes mellitus increased the incidence of gastrointestinal mucosal injury and delayed the healing of ulcers.[@cit0022],[@cit0023] Harsch et al showed that the prolongation of gastric ulcer healing in diabetic rats was associated with an increase in gastric mucosal expression and release of TNFα, interleukin-1 and heat shock protein 70 and the suppression of vascular endothelial growth factor and platelet endothelial cell adhesion molecule-1.[@cit0024] Studies have also suggested that reduced gastric mucosal blood flow, decreased insulin-like growth factor-1, and loss of antioxidant stress protein function caused by advanced glycation end products are also involved in the delayed healing of gastric mucosa injury.[@cit0025],[@cit0026]

Our study found that the incidence of gastric mucosal erosion was lower in patients with hyperlipidemia among whom the proportion of statin use was higher than among people with normal blood lipids. We speculated that this phenomenon may be attributed to the gastric mucosal protective effect of statins. Animal experiments have found that the protective effect of hydroxymethylglutaryl coenzyme A reductase inhibitor on gastric mucosa is related to its inhibition of neutrophil activity, reduction of oxidative stress, increased the amount of nitric oxide and prostaglandin E2, and maintenance of the integrity of the vascular endothelium.[@cit0027] However, our previous research did not find that statins had a protective effect on gastric mucosal injury caused by aspirin.[@cit0028] In addition, our study did not find that PPI had a preventive effect on gastric mucosal injury induced by clopidogrel. Therefore, it could be speculated that gastric acid and the 'aspirin-like' effect of clopidogrel might not play a dominant role in the mechanisms of gastric mucosal erosion caused by clopidogrel and that the mechanisms of gastric mucosal injury between clopidogrel and aspirin might be different.

Clopidogrel is absorbed through the digestive tract and is converted to active metabolites in the liver. A key protein involved in clopidogrel absorption is the intestinal efflux pump P-glycoprotein, which is encoded by the ATP-binding cassette, subfamily B, member 1 gene (*ABCB1*). Therefore, the *ABCB1* gene polymorphism can change the P-glycoprotein transport activity and affect the blood concentration of clopidogrel. Clopidogrel requires oxidation by hepatic cytochrome enzymes to metabolize into active substances to play its antiplatelet role. The difference in clopidogrel efficacy among individuals is related to the degree of biotransformation. Increasing evidence shows that this situation is mainly related to the genetic polymorphisms of *CYP2C19*. Among them, *CYP2C19 \*2* and *CYP2C19 \*3* are known as functional deletion gene mutations, which weaken the ability of clopidogrel to convert into its active metabolites. In contrast, *CYP2C19 \*17*, known as a functional acquired gene mutation, is associated with an increased risk of bleeding.[@cit0029]

Our study did not observe that the *CYP2C19 2 \*3 \** and *17 \** alleles were associated with gastric mucosal erosion but found that *ABCB1 3435T* allele carriers had a higher incidence of gastric mucosal erosion after long-term clopidogrel use. *ABCB1* is also known as the multidrug resistance gene *MDR1*, and its encoded P-glycoprotein can pump harmful substances or substrates, such as drugs, out of the cell. Therefore, its overexpression prevents the drug from being absorbed into the blood, which is one of the mechanisms of multidrug resistance.[@cit0030] There are more than 50 genetic locus polymorphisms in *ABCB1*, of which the *ABCB1 C3435T* (rs1045642) polymorphism is considered to be the most clinically significant, but the current study conclusions are controversial. Simon et al and Mega et al suggested that *T* allele carriers had a higher risk of ischemia among patients with acute coronary syndrome than *C* allele carriers.[@cit0031],[@cit0032] However, Wallentin et al and Zhang et al took the opposite view and suggested that the mutated *T* allele increased clopidogrel absorption in the small intestine and reduced the incidence of clinical ischemic events.[@cit0033],[@cit0034] Another experiment also suggested that the *ABCB1 C3435T* genotype did not influence the antiplatelet response of clopidogrel.[@cit0035] Wang et al stated that the *3435C\> T* substitution might be related to decreased mRNA stability and reduced mRNA and protein levels.[@cit0036] Kimchi-Sarfaty et al suggested that the *3435C\> T* substitution might affect the timing of the cotranslational folding and insertion of P-glycoprotein into the membrane, resulting in a decrease in the specific binding ability of P-glycoprotein to the substrate and the function of the outflow pump.[@cit0037]

Our study found that the proportion of *T* allele carriers and the platelet inhibition rate were both higher in the case group than in the control group. We speculated that compared with the wild-type *C* allele, the *3435C\> T* substitution could weaken P-glycoprotein outflow pump function, increase intestinal absorption of clopidogrel, and finally enhance antiplatelet activity. Two mechanisms may be at play; first, clopidogrel might inhibit the normal accumulation of platelets in the area of the gastric mucosal injury and delay the repair of small ulcers. Second, clopidogrel might lead to the inhibition of gastric epithelial cell proliferation via the epidermal growth factor receptor-ERK signal transduction pathway and, of angiogenesis of gastric mucosa via the vascular endothelial growth factor-vascular endothelial growth factor receptor 2-ERK signal transduction pathway and to attenuation of gastric mucosal epithelial barrier function via the p38 MAPK pathway. All these factors weaken gastric mucosal microvascular system regeneration and reduce platelet-associated growth factor production, which is involved in the repair of gastric mucosal injury.[@cit0038]--[@cit0040]

Gastric mucosal injury is a dynamic imbalance between pathogenic factors and protective factors. When the aggressive factors overwhelm the defense and healing factors, mucosal injury is intensified, and gastric mucosal erosion relapses. Some findings also supported the conclusion of our study. Clopidogrel did not inhibit the effect of cyclooxygenase and did not induce gastric mucosal injury in healthy people.[@cit0010] However, it is not safe for people who have suffered from gastric ulcer bleeding caused by aspirin to use clopidogrel instead in the prevention and treatment of cardiovascular disease, even if their ulcers had been confirmed to have healed by gastroscopy.[@cit0041],[@cit0042]

The first limitation of the present study was that it only enrolled elderly Chinese men. Because gene polymorphisms might be influenced by different genetic backgrounds or environments, it might be inappropriate to generalize the results to other ethnic populations and women. Second, combined with the increase in the platelet inhibition rate, we speculated that mutations in the *T* allele might increase the absorption of clopidogrel. However, we did not measure the blood concentration of clopidogrel, so we could not prove a mutation in the *T* allele caused a decline in the function of the P-glycoprotein outflow pump directly.

Conclusion {#s0005}
==========

Carrying the *ABCB1 3435T* allele may be a useful genetic predictor for clopidogrel-induced gastric mucosal erosion in elderly Chinese men. A history of gastric ulcers and diabetes mellitus are clinical risk factors for gastric mucosal erosion. Statin use may be a protective factor, but PPI has no protective effect.
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[^1]: **Abbreviations**: SBP, systolic blood pressure; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; PPI, proton pomp inhibitor: rabeprazole 10 mg/day; Statins, atorvastatin 10 mg/day or rosuvastatin 5 mg/day.

[^2]: **Notes:** P values by chi-squared test: ^†^Hardy--Weinberg equilibrium (HWE) of allele frequencies at individual loci was assessed by comparing the observed and expected genotype frequencies.

[^3]: **Notes**: The unadjusted OR and 95% CI were obtained by Mantel--Haenszel statistics and the adjusted OR and 95% CI were obtained by multiple logistic regression analysis after adjustment for the other factors. \*p \< 0.05. \*\*p \< 0.01.
